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Pixel detectors: our path forward

From pixels for spectroscopy to in-pixel spectroscopy
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Hera

Maia

Upgrade of the Maia microprobe array with 

lower capacitance units, for lower noise, 

higher throughput and enhanced stability

Right: Wafer with arrays of 96 

(towards 384) 1mm2 SDDs, read-

out in parallel, for high-count rate 

fluorescence spectroscopy at 

synchrotrons

Right: 55Fe spectra from all 96 channels, average 

FWHM = 176 eV at ī13ǓC with 1 ɛsof peaking time

W. Chen at al., "Development of a Large Array of Silicon Drift Detectors for High-

Rate Synchrotron Fluorescence Spectroscopyò, 2023 JINST 18 P01016
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H. J. Kirwood et al., Simultaneous X-ray diffraction, crystallography and 

fluorescence mapping using the MAIA detector, Acta Materialia, 144, 1, (2018). 

Simultaneous diffraction and fluorescence mapping

Experimental geometry used for the 

measurements at the Australian Light 

Source  

ÅThe incident X-ray beam passed 

through a double crystal 

monochromator (DCM) and focused 

on to the sample by a pair of 

Kirkpatrick-Baez (KB) mirrors. 

ÅThe resulting scattered and 

fluorescence spectra were collected 

on the Maia detector.

That experiment would have 

benefitted from a detector with 

better spatial resolution, and a 

much larger pixel count!
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Full Field Fluorescence Imaging (FFFI) detector

Pixelated imaging detector (10,000 pixels)

Å Each pixel also has to function as a high-

resolution (<200 eV) X-ray spectrometer over 

a broad energy range (2 ï14 keV)

Å Specifications 100 µm pixel size, better than 

20 e- rms, 10 bit

ÅFull field fluorescence imaging for biological and 

environmental applications

ÅNeeds an energy resolving pixelated detector : FFFI 

ÅNeeds optics which is achromatic: coded aperture 

with 10 µm pinholes

Development of coded aperture masks at BNL

The new FFFI technique will capture images of trace 

element dynamics at biologically relevant timescales 

ïtypically less than one minute
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GALAHAD: Germanium Array for Low And High 
energy Area Detector

Å NSLS II and APS need imaging detectors for hard x-rays

Å Current imaging detector architectures provide simple 

photon-counting or charge integration

Å No existing x-ray detector offers energy-resolved images

Å Adding energy resolution opens new possibilities: Laue 

Diffraction, high energy fluorescence imaging etc.

Å BNL has expertise in all areas needed to make such an 

instrument: 

Å low-noise ASICs; germanium sensors; cryogenic 

electronics

8X8 pixel array Leakage Tests
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Small-Pixel CZT Detectors for Future High-Angular-
Resolution Hard X-Ray Missions

Requirement Requ. Perf. Proj. 
Perf.
CZT & 
HEXID

Science Driver

Energy 
Threshold

2 keV 1.5 keV Detect <4 keV corona 
emission from supermassive 
black holes.

Energy 
Bandpass

2-150 keV 1.5-160 
keV

Fe K-‌(black holes) lines & 
nuclear lines (SN). 

Electronic 
Noise (ASIC)

20 e- RMS 13 e- RMS High-accuracy studies of 
Fe K-‌lines with <200 eV 
FWHM energy resolution.

Energy Res. 
at 6.4 keV 
(hybrid)

400 eV 
FWHM

<200 eV 
FWHM

High-accuracy studies of Fe 
K-‌lines. 

Pixel Pitch 250 ɛm150 ɛmSensitivity (AGN census) 
and ang. res. (source 
confusion).

Timing 
Resolution

1 ms <1 ɛs Study of quasi-periodic osc. 
of stellar mass black holes. 

Requiredand projectedperformanceof the detector-

ASICpackageforahardX-rayimager

The Nuclear Spectroscopic Telescope Array (NuSTAR) Small 

Explorer Mission (SMEX) [1] was launched in June 2012 and 

has been a resounding success.

Recent technological breakthrough:

Å low-mass, low-cost, high angular resolution, and extended 

energy bandwidth X-ray mirrors made with 

Å the mono-crystalline silicon technology [2], or 

Å electro-formed-nickel replicated (ENR) X-ray optics [3]

With a matched detector they enable hard X-ray 

observations with more than one order of magnitude better 

sensitivities than NuSTAR

1) Harrison, F. A., Craig, W. W., Christensen, F. E., et al., ApJ, 770, 103 (2013)

2) Zhang, W., Allgood, K. D.,  Biskach, M. P., et al., Proc.SPIE 10699, 106990O (2018)

3) Gaskin, J., Elsner, R., Ramsey, B., et al. https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20150020499.pdf (2018) 
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Several sensor options: materials

Characteristic parameters of typical materials for semiconductor sensors 

quantity Si Ge GaAs Diamond CdTe Cd0.9Zn0.1Te TlBr a-Si

Eg [eV] 1.12 0.67 1.43 5.50 1.44 1.57 2.68 1.90

W [eV] 3.60 2.96 4.20 13.00 4.43 4.64 6.50 6.00

e 11.7 16.0 12.8 5.7 10.9 10.0 30.0 12

me [cm2/(Vs)-1] 1350 3900 8000 1800 1100 1000 30 1-4

mh [cm2/(Vs)-1] 450 1900 400 1200 100 120 4 0.05

r[g/cm3] 2.33 5.33 5.32 3.52 5.85 5.78 7.56 2.30

Some of the materials we are working on. Other thin-film options are a-Se 

and perovskites
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Different materials require customized interconnect 
solutions

Examples of sensor/ASIC assembly bonded at BNL

Germanium sensor

CZT sensor

Cornellôs MMPAD ASIC


